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Access  to t h e  c a b i n  atmosphere for u s e  as  a backup 
a tmosphere  i s  i n h i b i t e d  by t h e  l a u n c h  envi ronment  and 
t h e  s p a c e  s u i t  d e s i g n  - i . e . ,  t h e  bubb le  he lme t  - and 
t h e  c a b i n  a c o u s t i c a l  environment  may b e  u n a c c e p t a b l e .  
For a n  a i r  c a b i n  a tmosphere ,  enyaichment to a v i a b l e  
l e v e l  d u r i n g  l a u n c h  i s  n o t  c o n s i s t e n t  w i t h  u s e  of 
a i l -on- the-pad  to r educe  f i r e  r i s k .  

3. An a l t e r n a t e  backup atmosphere of  p u r e  oxygen s u p p l i e d  
d i r e c t l y  to t h e  s u i t e d  crewmen i s  r e q u i r e d  f o r  b o t h  
a i r -on- the-pad  and oxygen-on-the-pad c a p a b i l i t i e s .  
F u r t h e r ,  s u c h  a supply  c o u l d  a l s o  s e r v e  a s  a backup 
d u r i n g  any c a b i n  d e p r e s s u r i z a t i o n  p r c c e d u r e s  r e q u i r e d  
to exchange c a b i n  a tmosphe res .  

4. The most r e l e v a n t  d e t e r m i n a n t  r e g a r d i n g  u s e  of t h e  
oxygen or a i r  o p t i o n  i s  t h e  t r a d e - o f f  between f i r e  
and  p h y s i o l o g i c a l  r i s k s .  F i r e  r i s k  d e f i n i t i o n ,  
c u r r e n t l y  dependent  on ma te r i a l s  s e l e c t i o n  and flam- 
m a b i l i t y  tests, must c o n s i d e r  t h e  s i m u l t a n e o u s  e f f e c t s  
between 50  and 1 2 0  seconds a f t e r  l i f t - o f f  o f :  

( a )  t h e  maximum launch  env i ronmen t ,  and 

( b )  t h e  d e c l i n e  i n  s p a c e c r a f t  p r e s s u r e s  f rom pad 
to f l i g h t  l e v e l s  and t h e  a s s o c i a t e d  t u r b u l e n c e  
o f  t h e  c a b i n  a tmosphere .  

It  i s  n o t  p o s s i b l e  t o  d e t e r m i n e  which of  t h e s e  e f f e c t s  
i s  predominant  a t  t h i s  t ime .  

5 .  The  e f f e c t s  of  a r t e r i a l  b lood  d e s a t u r a t i o n  on crew 
per formance  due t o  a c c e l e r a t i o n  l o a d s ,  i n  p a r t i c u l a r  
d u r i n g  a b o r t s ,  suppor t  a r e q u i r e m e n t  f o r  p u r e  oxygen 
i n  t h e  backup a tmosphere .  These  e f f e c t s  need to be 
b e t t e r  d e f i n e d  wit.h a d d i t i o n a l  p h y s i o l o g i c a l  d a t a  and 
t e s t s .  

Based on t h e s e  f i n d i n g s ,  i t  i s  recommended: 

1. An A l t e r n a t e  Oxygen Supply independen t  o f  t h e  s u i t  l o o p  
and  c a b i n  a tmospheres  b e  implemented to supp ly  a backup 
a tmosphe re  d i r e c t l y  t o  t h e  s u i t e d  crew d u r i n g  p r e l a u n c h ,  
l a u n c h  and  f l i g h t .  

2 .  A d d i t i o n a l  g a s e o u s  oxygen t a n k s  b e  i n c o r p o r a t e d  i f  r a p i d  
c o n v e r s i o n  o f  a n  a i r  c a b i n  a tmospherc  to p u r e  oxygen 
w i t h o u t  c a b i n  d e p r e s s u r i z a t i o n  i s  r e q u i r e d .  

3 .  Data on t h e  p h y s i o l o g i c a l  e f f e c t s  o f  a c c e l e r a t i o n  l o a d s  
on a t m o s p h e r i c  r e q u i r e m e n t s  b e  b e t t e r  d e f i n e d .  
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4. The mater ia l s  s e l e c t i o n  program r e v i e w  t h e  need  f o r  
f l a m m a b i l i t y  d a t a  d u r i n g  t h e  s i m u l t a n e o u s  o c c u r r e n c e  
of  maximum l a u n c h  env i ronmen t s  and  d e c r e a s i n g  c a b i n  
a t m o s p h e r i c  p r e s s u r e s .  

F i n a l l y ,  i t  i s  s u g g e s t e d  t h a t  s i n c e  a p e r i o d  of h i g h  
f i r e  r i s k  o c c u r s  a f t e r  l i f t - o f f ,  i m p l e m e n t a t i o n  of  a n  A l t e r n a t e  
Oxygen Supply  would p e r m i t  i n e r t i n g  o f  t h e  c a b i n  a tmosphe re  as 
r e q u i r e d  to f u r t h e r  r e d u c e  f i r e  r i s k  b o t h  b e f o r e  and  a f t e r  l i f t -  
o f f .  Such a r i s k  r e d u c t i o n  would a l s o  d e c r e a s e  t h e  r e l i a n c e  on 
r a p i d  crew egress  and  t h e  q u i c k  open ing  h a t c h  on t h e  pad .  
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TECHNICAL MEMORANDUM 

1.0 INTRODUCTION 

This memorandum first states the pertinent physiolog- 
ical requirements and the resultant constraints for the primary 
and backup atmospheres for the prelaunch and launch phases. 
These phases are then divided into risk regimes and two con- 
flicting elements of the overall risk--fire and physiological-- 
are reviewed. Finally, the merits of implementing those 
alternatives which meet the requirements and constraints and 
minimize crew risk are assessed. 

Pure oxygen at a pressure of 5 psia will be used as 
the atmosphere in the Apollo Command Nodule cabin during space 
flight. Studies" continue to indicate that this atmosphere 
will provide the highest overall crew safety in-flight from the 
standpoint of fire hazard, physiological risks, and system re- 
liability. The Apollo program is providing the option of using 
a pure oxygen cabin atmosphere (as in Mercury and Gemini) or 
launching with an air cabin atmosphere*% and subsequently changing 
to a pure oxygen in-flight atmosphere. The option which leads to 
the lowest overall crew risk should be chosen; therefore, the 
objective of this paper is to identify the atmosphere dependent 
risks and changes required to manage these risks. 

This summary is based on the results and conclusions 
of other studies***which include physiological requirements, 
operational considerations, current status of spacecraft design, 
and design changes possible in the spacecraft. In addition it 
includes some considerations related to fire hazards. 

*Reference 1 

**Early in Mercui>y, air was considered for the cabin during 
prelaunch; however, adverse experience in keeping the nitrogen 
component out of the primary crew breathing (suit loop) atmosphere 
and weight limitations resulted in the use of pure oxygen. 

***References 1, 2, 3, 4, 5 and 6. 
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2 . 0  APOLLO P R O G R A N  REQUIREMENTS 

Crew s a f e t y  i s  a p r i m a r y  c o n s i d e r a t i o n  i n  t h e  d e s i g n  
of t h e  Apol lo  sys tem and i s  d e f i n e d  i n  t h e  Apol lo  Program 
S p e c i f i c a t i o n  a s  " t h e  sa fe  r e t u r n  of  a l l  crew members  whether  o r  
n o t  a m i s s i o n  i s  comple ted ."  F u r t h e r ,  " . . . n o  s i n g l e  f a i l u r e  
s h a l l  c a u s e  t h e  l o s s  o f  any crew member, p r e v e n t  t h e  s u c c e s s f u l  
c o n t i n u a t i o n  of  t h e  m i s s i o n ,  or i n  t h e  e v e n t  o f  a second f a i l u r e  
i n  t h e  same a r e a ,  p r e v e n t  a s u c c e s s f u l  a b o r t  o f  t h e  m i s s i o n . "  

To meet t h e s e  o b j e c t i v e s ,  t h e  Apol lo  s p a c e c r a f t  must 
have b o t h  p r imary  and independent  backup c a p a b i l i t i e s  w h i c h  meet 
t h e  p h y s i o l o g i c a l  r e q u i r e m e n t s  f o r  b o t h  t h e  compos i t ion  and 
p r e s s u r e  o f  a v i a b l e  a tmosphere .  Two a tmosphere  c o n t r o l  c a p a b i l -  
i t i e s  a re  p r o v i d e d  i n  t h e  Apollo s p a c e c r a f t ,  t h e  c a b i n  a tmosphere  
s y s t e m  ( o r  c a b i n )  and t h e  p r e s s u r e  garment s y s t e m  (or s u i t  l o o p ) .  
These two c a p a b i l i t i e s  a r e  no t  comple t e ly  independen t  s i n c e  some 
a tmosphere  c o n t r o l  f u n c t i o n s  are  used  i n  b o t h  s y s t e m s ;  f o r  e x a m p l e ,  
t h e  g a s  f low and c a r b o n  d i o x i d e  removal  f u n c t i o n s  a r e  common to 
b o t h .  A s  a r e s u l t ,  t h e  components p r o v i d i n g  t h e s e  f u n c t i o n s  
( compresso r s  and l i t h i u m  hydroxide  c a n n i s t e r s )  a re  r e d u n d a n t .  

I n  g e n e r a l ,  t h e  ro l e s  of t h e  s u i t  l o o p  and c a b i n  s y s -  
t e m s  as p r i m a r y  and backup a tmospheres  a r e  i n t e r c h a n g e a b l e  d u r i n g  
a m i s s i o n  depending  upon crew s a f e t y  r e q u i r e m e n t s .  During p e r i o d s  
o f  c o a s t i n g  f l i g h t ,  t h e  c a b i n  a t n o s p h e r e  w i l l  b e  p r i m a r y ,  a l l o w i n g  
s h i r t s l e e v e  o p e r a t i o n s ,  and t h e  s u i t  l o o p  w i l l  b e  t h e  backup.  
Dur ing  powered f l i g h t  t h e  space  s u i t s  w i l l  b e  f u l l y  donned ( i n c l u d -  
i n g  t h e  bubb le  h e l m e t s )  e n a b l i n g  t h e  s u i t  l o o p  ( i n c l u d i n g  redun-  
d a n t  modes) to be t h e  pr imary a tmosphere  w i t h  t h e  c a b i n  as t h e  
backup.  

3 . 0  PHYSIOLOGICAL REQUIREMENTS AND ATMOSPHERIC CONSTRAINTS 

The p e r t i n e n t  b a s i c  p h y s i o l o g i c a l  conce rns  r e l a t e d  to 
a tmosphere  are  hypox ia  ( i n s u f f i c i e n t  oxygen) ,  d y s b a r i s m  
(decompress ion  s i c k n e s s ) ,  oxygen t o x i c i t y  and oxygen d e s a t u r a t i o n  
o f  t h e  a r t e r i a l  b lood  (due  t o  a c c e l e r a t i o n  l o a d s  on t h e  c r e w ) .  
These a r e  d i s c u s s e d  i n  d e t a i l  i n  Refe rences  1 and 2 ;  t h e  r e s u l t a n t  
c o n s t r a i n t s  a re  summarized f o r  t h e  pr imary  and backup a tmosphe res  
i n  t h i s  s e c t i o n .  S i n c e  t h e  c u r r e n t  p r i m a r y  a tmosphere  o f  p u r e  
oxygen most n e a r l y  s a t i s f i e s  r e q u i r e m e n t s  based  on t h e s e  c o n c e r n s ,  
t h e  backup a tmosphere  c o n s t r a i n t s  are  d i s c u s s e d  i n  more d e t a i l .  

3 . 1  Atmospheric  Requirements  and C o n s t r a i n t s  

A v o i d a n c e o f h y p o x i a  d u r i n g  t h e  p r e l a u n c h  and l aunch  
phase r e q u i r e s  as a minimum t h e  p a r t i a l  p r e s s u r e  o f  oxygen p r o f i l e  
shown i n  F i g u r e  1 as a f u n c t i o n  of  S a t u r n  V l aunch  p r e s s u r e  
p r o f i l e s .  These minimums a r e  based  on s e a  l e v e l  e q u i v a l e n t  p e r -  
formance  c a p a b i l i t i e s - - i . e . ,  w i t h o u t  c o n s i d e r a t i o n  o f  a d d i t i v e  
e f f e c t s  due t o  any o t h e r  env i ronmen ta l  s t r e s ses .  
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D y s b a r i s m  e f f e c t s - - t h e  r e l e a s e  o f  abso rbed  n i t r o g e n  
w i t h i n  t h e  body d u r i n g  p r e s s u r e  r educ t ions - - can  be c o n t r o l l e d  
b y  e l i m i n a t i n g  n i t r o g e n  from t h e  crew d u r i n g  t h e  p r e l a u n c h  
p e r i o d .  T h i s  " d e n i t r o g e n a t i o n "  r e q u i r e s  t h e  use  o f  1 0 0 %  oxygen 
i n  a t  l e a s t  t h e  pr imary  atmosphere-- the s u i t  loop-- for  s e v e r a l  
hour s  p r e c e e d i n g  t h e  l a u n c h  phase  p r e s s u r e  r e d u c t i o n .  The  u s e  
of p u r e  oxygen as t h e  backup a tmosphere  d u r i n g  p r e l a u n c h  to 
a v o i d  dysba r i sm e f f e c t s  i s  not  a f i r m  p h y s i o l o g i c a l  r e q u i r e m e n t .  
However, p u r e  oxygen i n  t h e  crew compartment would minimize t h e  
chance of  s u i t  l o o p  con tamina t ion  w i t h  n i t r o g e n  and would i n -  
c r e a s e  o p e r a t i o n a l  f l e x i b i l i t y  and r e l i a b i l i t y .  Pure  oxygen i n  
t h e  c a b i n  a l s o  i n c r e a s e s  t h e  f i r e  r i s k .  

Oxygen t o x i c i t y  e f f e c t s ,  due to exposure  to p u r e  
oxygen a t  a tmosphe r i c  p r e s s u r e s ,  impose a maximum crew exposure  
l i m i t  of  abou t  s i x  h o u r s .  The a n t i c i p a t e d  exposure  t i m e  i s  a b o u t  
t h r e e  h o u r s  which p r o v i d e s  a margin  o f  on ly  t h r e e  h o u r s  f o r  h o l d s .  

The p h y s i o l o g i c a l  e f f e c t s  o f  a c c e l e r a t i o n  l o a d s  on t h e  
crew can  b e  minimized b y  t h e  u s e  o f  p u r e  oxygen f o r  t h e  p r imary  
and f o r  t h e  backup a tmospheres  p r i o r  t o ,  d u r i n g  and a f t e r  o n s e t  
of  t h e  l o a d s .  The backup atmosphere r equ i r emen t  f o r  p u r e  oxygen 
i s  based on t h e  p o s s i b i l i t y  t h a t  a f a i l u r e  may o c c u r  i n  t h e  
p r imary  a tmosphe re .  Pure  oxygen a t  p r e s s u r e s  h i g h e r  t h a n  p e r m i t t e d  
b y  t h e  c u r r e n t  s p a c e c r a f t  d e s i g n  would o f f e r  f u r t h e r  a l l e v i a t i o n  
o f  t h e  e f f e c t s  of g - l o a d s ;  however,  f u r t h e r  d a t a  i s  needed t o  
s u p p o r t  an  i n c r e a s e d  r e q u i r e m e n t .  

The r e s u l t a n t  a tmosphe r i c  c o n s t r a i n t s  a re  shown i n  
F i g u r e s  1 and 2 and a re  based on l a u n c h  envi ronments  shown i n  
F i g u r e  3 .  I n  e s s e n c e :  

1. For  t h e  pr imary  a tmosphere ,  p u r e  oxygen i s  r e q u i r e d  
d u r i n g  t h e  p r e l a u n c h  and l aunch  phase  a t  t h e  p r e s s u r e s  
p e r m i t t e d  b y  c u r r e n t  d e s i g n  to a v o i d  dysba r i sm;  

2 .  Fo r  t h e  backup a tmosphere ,  a n  " a i r "  a tmosphe re ,  
e n r i c h e d  t o  a s e a  l e v e l  e q u i v a l e n t ,  i s  r e q u i r e d  as a 
minimum; when t h e  nominal  or a b o r t  g - loads  can  exceed  
a b o u t  f o u r  g's, pure  oxygen i s  r e q u i r e d .  

The s i g n i f i c a n t  p o i n t  i n  ( 2 )  i s  t h e  r a p i d  r i s e  i n  a b o r t  
l o a d s  ( t o  >>4g) f o r  T > 1 2 0  s econds  and t h e i r  occurEence 
immedia t e ly  a f t e r  a b o r t  i n i t i a t i o n  for a b o r t s  a t  T % 1 2 0  s e c o n d s ;  
t h e r e f o r e ,  p u r e  oxygen i s  r e q u i r e d  f o r  T > 1 2 0  s e c o n d s .  F o r  T > 
155 s e c o n d s ,  t h e  p u r e  oxygen r e q u i r e m e n t  c a n  b e  made condi t iona? :  
s i n c e  t h e  e n t r y  g- loads  do n o t  o c c u r  immedia te ly  a f t e r  a b o r t  
i n i t i a t i o n . "  For 0 < T < 50 s e c o n d s ,  a b o r t  w i t h  a n  a i r  a tmosphere  

*As d i s c u s s e d  i n  Reference  2 .  
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i s  a c c e p t a b l e  s i n c e  t h e  c a b i n  p r e s s u r e  i s  s t i l l  a t  s e a  l e v e l  
p r e s s u r e s .  F o r  5 0  < T < 1 2 0  seconds ,  a b o r t  w i t h  an a i r  a t n o s -  
phe re  even a t  r educed  p r e s s u r e s  i s  f e a s i b l e  s i n c e  a c c e l e r a t i o n  
l o a d s  a r e  moderate  and t h e  t ime i n  f l i g h t  i s  s u f f i c i e n t l y  short 
to a v o i d  d e g r a d i n g  e f f e c t s .  T h u s ,  f o r  T < 1 2 0  seconds  a i r  at 
sea l e v e l  p r e s s u r e  3r e n r i c h e d  t o  a s e a  l e v e l  e q u i v a l e n t  i s  
a d e q u a t e  and f a r  T > 1 2 0  seconds pu re  oxygen i s  needed as t h e  
backup atmi ;;here. 

- 

4.0 P'i'HER - ENVIRON?.!ENTAL CONSIDEXATIONS* 

Space s u i t  d e s i g n  and tine a c c e l e r a t i o n ,  a c o u s t i c a l  and 
v i b r a t i o n  envi ronments  of t h e  launch  phase  c o n s t r a i n  t h e  a c c e s s i -  
b i l i t y  and u t i l i t y  of  t h e  c a b i n  a tmosphere  as a backup.  The 
nominal  a c c e l e r a t i o n  and v i b r a t i o n  envi ronments  a r e  most s e v e r e  
f o r  50 < T < 1 5 5  seconds  and i t  w i l l  be d i f f i c u l t  a t  b e s t ,  and 
p e r h a p s  i m p o s s i b l e ,  to remove t h e  bubble  helixet o f  t h e  Apol lo  
s p a c e  s u i t  to g a i n  a c c e s s  to t h e  c a b i n  a tmosphere  f o r  u s e  a s  a 
backup.  S t i l l  h i g h e r  a b o r t  a c c e l e r a t i o n  l o a d s  f u r t h e r  r e d u c e  t h e  
a c c e s s i b i l i t y  d u r i n g  a b o r t s .  S ince  t h e  bubb le  he lmet  a f f o r d s  a 
l a r g e  amount of  a c o u s t i c a l  i s o l a t i o n - - a b o u t  30 db--and s i n c e  t h e  
c a b i n  a c o u s t i c a l  l e v e l s  d u r i n g  l aunch  may be h igh - -des i sn  c r i t e r i a  
a r e  1 2 3 - 1 2 7  db**--the r e s u l t a n t  i n c r e a s e  i n  n o i s e  due to helmet  
removal  w i l l  d eg rade  crew-to-crew and crew-to-ground communica- 
t i o n s  and w i l l  i n c r e a s e  the o v e r a l l  e n v i r o n m e n t a l  s t r e s s  on t h e  
c rew.  

A s  a r e s u l t , t h e  cab in  a tmosphere  i s  Judged  e s s e n t i a l l y  
u n a v a i l a b l e  w i t h  t h e  c u r r e n t  hardware d e s i g n  for u s e  a s  backup 
a tmosphe re  f o r  50 < T < 155 seconds and p o s s i b l y  of  m a r g i n a l  v a l u e  
due to a c o u s t i c a l  l eve l s - - even  i f  a c c e s s i b l e - - f o r  t h e  r ema inde r  of 
t h e  l a u n c h  p h a s e .  

5 . 0  EVALUATION OF GVERALL R I S K  

I n  o r d e r  to b e t t e r  unde r s t and  a tmosphere  dependent  r i s k s ,  
i t  i s  u s e f u l  to s u b d i v i d e  t h e  p r e l a u n c h  and l aunch  phase  i n t o  
r i s k  r e g i m e s .  S i x  r eg imes  have been d e f i n e d  b y  s i g n i f i c a n t  c h a n s e s  
i n  e n v i r o n m e n t a l  or o t h e r  p a r a m e t e r s .  

Two ma jo r  components o f  t h e  o v e r a l l  r i s k  a r e  f i r e  r i s k  
and p h y s i o l o g i c a l  r i s k .  A s  used h e r e ,  t h e s e  r i s k s  r e f l e c t  t h e  
l i k e l i h o o d  of o c c u r r e n c e  of a n  e v e n t  d e t r i m e n t a l  to t h e  crew and 

*Based on Refe rences  2 and 3 .  
2 

**Reference = 0 . 0 0 0 2  dynes/cm . 



BELLCOMM, INC. - 5 -  

t h e  s e r i o u s n e s s  o f  t h e  consequences ,  e . g . ,  h i g h  i g n i t i o n  
p r o b a b i l i t y  coup led  w i t h  easy crew e g r e s s  i s  c o n s i d e r e d  a 
r e l a t i v e l y  low r i s k .  For purposes  o f  r i s k  r e v i e w ,  t h e  
l a c k  of a c c e s s i b i l i t y  to t h e  c a b i n  a tmosphere  f o r  u s e  as a 
backup i s  c o n s i d e r e d  s e p a r a t e l y  and n o t  i n c l u d e d  s i n c e  
p r o v i s i o n s  f o r  accePs  r e p r e s e n t  a s imi l a r  problem f o r  a i r  
o r  oxygen. It i s  assumed t h a t  t h e  programs for i g n i t i o n  
s o u r c e  removal  and p r o t e c t i o n  and f o r  mater ia l  s e l e c t i o n  
have been  r e a s o n a b l y  e f f e c t i v e  i n  r e d u c i n g  b u t  n o t  e l i m i -  
n a t i n g  f i r e  r i s k .  

5 . 1  Pad Access  - Hatch Open Regime (-180 < T < -90 Minu tes )  

Both t h e  f i r e  and p h y s i o l o g i c a l  r i s k s  i n  t h i s  reg ime 
can  b e  c o n s i d e r e d  as b a s e l i n e  r i s k s  s i n c e  t h e y  are  n o t  a f f e c t e d  
by t h e  u s e  o f  oxygen or a i r  a s  a c a b i n  p r e s s u r a n t .  T h i s  i s  a 
minimum f i r e  r i s k  reg ime due t o  t h e  unimpeded e g r e s s ,  a v a i l a b i l -  
i t y  of pad s u p p o r t  c a p a b i l i t i e s  and t h e  p r e s e n c e  o f  a i r  i n  t h e  
c a b i n . "  The p h y s i o l o g i c a l  r i s k  i s  n o t  minimal  s i n c e  t h e  a i r  
c a b i n  a tmosphere  cou ld  con tamina te  t h e  s u i t  l o o p .  

5.2 Pad Access  - Hatch Closed Regime (-90 < T < 0 Minu tes )  

T h i s  i s  t h e  e a r l i e s t  t i m e  t h e  c a b i n  can  b e  exposed  t o  
p u r e  oxygen; however,  t h e  qu ick  opening  c a p a b i l i t y  o f  t h e  U n i f i e d  
Hatch  r e s u l t s  i n  e s s e n t i a l l y  unimpeded e g r e s s  and c o n t i n u e d  ac-  
c e s s i b i l i t y  o f  pad p e r s o n n e l  and f a c i l i t i e s  t o  p r o v i d e  emergency 
s u p p o r t .  Due t o  h a t c h  c l o s u r e ,  t h e  f i r e  r i s k  w i t h  a i r  w i l l  i n -  
crease somewhat; however,  for oxygen, t h e  i n c r e a s e  i s  l a r g e r  due 
t o  t h e  change i n  compos i t ion .  The p h y s i o l o g i c a l  r i s k  w i t h  a i r  
i s  unchanged and dependent  on i s o l a t i o n  o f  t h e  s u i t  l o o p  from 
t h e  n i t r o g e n  i n  t h e  c l o s e d  c a b i n ;  w i t h  oxygen t h e  r i s k  i s  r e d u c e d  
due  t o  t h e  removal  of n i t r o g e n  from t h e  c a b i n .  

5 . 3  Cons tan t  P r e s s u r e  Regime ( 0  < T < t 5 0  Seconds)  

The s i g n i f i c a n t  f e a t u r e  of  t h i s  regime i s  t h e  i n c r e a s e  
i n  t h e  f i r e  r i s k - - f o r  t h e  r e s t  o f  t h e  miss ion- -wi th  b o t h  oxygen 
and  a i r  c a b i n  a tmosphe res  due t o  t h e  l o s s  of  pad a c c e s s  a t  l ift- 
o f f .  The f i r e  r i s k  i s  a l so  h i g h  because  c a b i n  p r e s s u r e  i s  h i g h .  
The l a u n c h  envi ronment  i s  a c t i v e  b u t  o n l y  modera te  and re la -  
t i v e l y  c o n s t a n t  w h i l e  c a b i n  a tmosphere  p r e s s u r e  r ema ins  c o n s t a n t  
a t  a t m o s p h e r i c  l e v e l s .  

* A i r  w i l l  be t h e  cab in  a tmosphere  b e f o r e  h a t c h  c l o s u r e  
r e g a r d l e s s  of t h e  d e c i s i o n  t o  u s e  a i r  o r  oxygen on t h e  pad .  
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The p h y s i o l o g i c a l  r i s k  i n c r e a s e s  a t  l i f t - o f f  b u t  i s  
a c c e p t a b l e  s i n c e  b o t h  a i r  and oxygen a r e  v i a b l e  f o r  t h e  s t r e s s e s  
imposed on t h e  crew b y  t h e  launch environment  ( i . e . ,  g - l o a d s )  i n  
t he  norr,inal or a b o r t  p r o f i l e s .  The r i s k  w i t h  a i r  i s  s t i l l  depen- 
d e n t  on the  p o s s i b i l i t y  of s u i t  l o o p  c o n t a m i n a t t o n  b y  n i t r o g e n .  

5 . 4  Xaximun; Launch Environment Regime ( 5 0  < T < 1 2 0  Seconds)  

The f i r e  r i s k  i n  t h i s  regir-!e i s  dependent  on two a d d i -  
t i o n a l  f a c t o r s - - i n c r e a s i n g  env i ronmen ta l  s t r e s s e s  and d e c r e a s i n g  
spac . :? ra f t  a tmosphere  p r e s s u r e s .  The l aunch  environment  i s  t h e  
mcst s e v e r e  i n  t h i s  r eg ime ;  aaximum a c o u s t i c  n o i s e  o c c u r s  abou t  
T+65 seconds  (Mach l), t h e  v i b r a t i o n  l o a d i n g  and aerodynamic 
p r e s s u r e  maximize a t  a b c u t  T t 8 5  s e c o n d s ,  and t h e  l o n g i t u d i n a l  
g - loads  due to t h e  d e c r e a s i n g  space  v e h i c l e  we igh t  a r e  i n c r e a s i n g  
more r a p i d l y .  S i n c e  t h e  s p a c e c r a f t  i s  s u b j e c t e d  to maximum p h y s i -  
c a l  f o r c e s ,  t h e  p r o b a b i l i t y  of  a c t i v a t i n g  p o t e n t i a l  i g n i t i o n  
s o u r c e s  i s  i n c r e a s e d ;  g i v e n  i g n i t i o n ,  h i g h e r  c o n v e c t i v e  f o r c e s  
i n c r e a s e  t h e  p r o b a b l e  r a t e  of  f i r e  p r o p a g a t i o n .  F u r t h e r ,  t h e  re- 
s u l t a n t  immobi l i t y  and i s o l a t i o n  of t h e  crew h i n d e r  f i r e  
d e t e c t i o n  and c o n t r o l  c a p a b i l i t i e s .  The c a b i n  a tmosphere  and s u i t  
l o o p  p r e s s u r e s  r a p i d l y  d e c r e a s e  f r o n  pad p r e s s u r e  to e s s e n t i a l l y  
f l i g h t  p r e s s u r e s  i n  t h i s  regime w i t h  two e f f e c t s .  During t h i s  
p r e s s u r e  r e d u c t i o n ,  t u r b u l e n c e  r e s u l t i n g  from t h e  outward f low of  
t h e  c a b i n  a tmosphere  nay i n c r e a s e  t h e  r a t e  of  f i r e  p r o p a g a t i o n .  
The r e d u c t i o n  i n  p r e s s u r e  and oxygen c o n t e n t  r e d u c e s  t h e  r i s k  of 
i g n i t i o n  and r a t e  of  p r o p a g a t i o n .  

The i n c r e a s e  i n  i g n i t i o n  s o u r c e  h a z a r d  and i n  f l a m m a b i l -  
i t y  due to e n v i r o n m e n t a l  e f f e c t s  may--or may not--be o f f s e t  b y  t h e  
r e d u c t i o n  i n  i g n i t i o n  s o u r c e  haza rd  and f l a m m a b i l i t y  due to t h e  
p r e s s u r e  r e d u c t i o n .  The c u r r e n t  u n d e r s t a n d i n g  o f  t h e  b a s i c  
mechanics  does  n o t  p e r m i t  much more t h a n  a s u b j e c t i v e  e v a l u a t i o n  
o f  t h e s e  e f f e c t s .  Thus,  t h e  f i r e  r i s k  w i l l  s t i l l  be s i g n i f i c a n t l y  
h i g h  and nay b e  e i t h e r  more or l e s s  t h a n  t h a t  f o r  0 < T < 5 0  
s e c o n d s .  The e v e n t u a l  e f f e c t  i s  a r e d u c t i o n  i n  t h e  f i r e  r i s k  due 
to t h e  p r e s s u r e  d e c l i n e  to a v a l u e  h i g h e r  t h a n  b u t  approach ing  t h e  
i n - f l i g h t  f i r e  r i s k .  I n  any e v e n t ,  t h e  f i r e  r i s k  w i t h  oxygen i s  
h i g h e r  t h a n  w i t h  a i r .  

The maximum l a u n c h  environment  i n c r e a s e s  t h e  p h y s i o l o -  
g i c a l  r i s k  to h i g h e r  v a l u e s  i n  t h i s  r eg ime ;  however,  w h i l e  t h e  
d e c r e a s e  i n  c a b i n  p r e s s u r e  r e s u l t s  i n  a nomina l ly  n o n v i a b l e  
c a b i n  a tmosphere  w i t h  a i r ,  t h e  h i g h e r  p h y s i o l o g i c a l  r i s k s  w i t h  
a i r  a r e  a c c e p t a b l e  due to t h e  s h o r t  t i m e  o f  f l i g h t  i n  t h e  e v e n t  
o f  a b o r t .  

5 . 5  Maximum Launch Abort Environment Eegirne ( T t 1 2 0  Seconds to 
I n s e r t i o n )  

The f a c t o r s  t h a t  de te rmine  f i r e  and p h y s i o l o g i c a l  r i s k s  
f o r  t h e  nominal  m i s s i o n  i n  t h i s  reg ime a r e  n o t  g r e a t l y  d i f f e r e n t  

1 
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from the  i n - f l i g h t  environment  - - i . e . ,  low g--except for 
1 2 0  T < 155 seconds  when nominal m i s s i o n  E-loads peak a t  4.7 ;. 
Al’t,ei’ 1+155, t h e y  d o  not e x c $ e d  ? . 5  g. V i b r a t i o n  l e v e l s  a r e  
r educed  and c a b i n  p r e s s u r e  i s  a t  e s s e n t i a l l y  t h e  f l i g h t  va l i le .  

A s i g n i f i c a n t  p h y s i o l o g i c a l  risl: r e s u l t s  from t h e  
magnitude (>>4g) and d u r a t i o n  of t h e  a b o r t  g - loads  d u r i n g  r e e n t r y .  
S i n c e  a b o r t s  can o c c u r  due t o  f a i l u r e s  i n  t h e  p r imary  a tmosphe re ,  
t h e  b3zkup shou ld  b e  pu re  oxygen for t h e s e  l o a d s .  T h i s  r e s u l t s  ir. 
a bigger p h y s i o l o g i c a l  r i s k 7 : i t h  a i r  i f  t h e  c a b i n  i s  used  a s  t h e  
backuy;  t n e  r i s k  w i t h  oxygen, however,  i s  n o t  n e g l i g i b l e  s i n c e  ?r- 
t e r i a i  d o s a t u r a t i o n  due to e x c e s s i v e  g- loads  i s  n o t  e l i m i n a t e u  
w i t h  r u r e  oxygen. 

The f i r e  r i s k  o f  t h e  nominal  p r o f i l e  i s  o n l y  s l i g h t l y  
highel-  t h a n  t h e  i n - f l i g h t  r i sk - -wi th  oxygen o f  c o u r s e  h i g h e r  
t h a n  air. 

5 . 6  T n - f l i g h t  

If t h e  s p a c e c r a f t  i s  i n s e r t e d  i n t o  o r b i t  w i t h  an a i r  
c a b i n  a tmosphere ,  t h e n  t h e  p h y s i o l o g i c a l  r i s k  w i l l  be h i g h  u n t i l  
t h e  c a b i n  a tmosphere  i s  changed to p u r e  oxygen. I f  t h e  change 
i n v o l v e s  comple te  d e p r e s s u r i z a t i o n  t h e n  a f u r t h e r  i n c r e a s e  i n  t h e  
p h y s i o l o g i c a l  r i s k  r e s u l t s  from complete  F e l i a n c e  upon t h e  p r e s -  
s u r e  i n t e g r i t y  of  t h e  space  s u i t  d u r i n g  t h i s  p e r i o d .  With oxygen 
i n  t h e  c a b i n ,  t h e  p h y s i o l o g i c a l  r i s k  a f t e r  o r b i t a l  i n s e r t i o n  i s  
a c c e p t a b l e .  

The f i r e  r i s k  a f t e r  i n s e r t i o n  i s  r educed  s l i g h t l y  s i n c e  
t h e  l aunch  environment  i s  completed and i s  still h i g h e r  w i t h  
oxygen t h a n  w i t h  a i r .  While i t  i s  d i f f i c u l t  to compare f i r e  
r i s k s - - a i r  and oxygen--at  5 p s i a  and z e r o  g w i t h  t h o s e  f o r  a i r  a t  
1 4 . 7  p s i a  and one g b e f o r e  h a t c h  c l o s u r e ,  i t  i s  assumed h e r e  t h a t  
t h e  i n - f l i g h t  r i s k s  must by d e f i n i t i o n  b e  somewhat h i g h e r  due t o  
t h e  i n h e r e n t  i n a c c e s s i b i l i t y  of  t h e  s p a c e c r a f t  i n - f l i g h t .  

5 . 7  R i s k s  Summary 

R e g a r d l e s s  of  cab in  a tmosphere  compos i t ion ,  t h e  o v e r a l l  
f i r e  . r i s k  i n c r e a s e s  s i g n i f i c a n t l y  a t  l i f t - o f f  due t o  i n c r e a s e d  
e n v i r o n m e n t a l  s t r e s s e s ,  t h e  c o n t i n u a n c e  o f  h i g h  c a b i n  p r e s s u r e s ,  
and  t h e  e l i m i n a t i o n  of crew e g r e s s  and pad s u p p o r t ;  p a r t  o f  t h i s  
r i s k  (loss of e g r e s s  and pad s u p p o r t )  i s  i n c u r r e d  f o r  t h e  d u r a t i o n  
o f  the r ; i i s s ion .  

The t i m e  of maximum f i r e  r i s k  i s  somewhere a f t e r  l i f t -  
o f f  a,id p r i o r  t o  t h e  t ime  wklere a b o r t  e n t r y  l o a d s  become e x c e s s i v e  
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b u t  i s  n o t  known p r e c i s e l y  as i t  depends on t h e  oppos ing  e f f e c t s  
of  maximum launch  environment  and d e c r e a s i n g  c a b i n  p r e s s u r e s .  
T h i s  f i r e  r i s k  can  be g r e a t l y  reduced  b y  u s i n g  a i r  i n  t h e  c a b i n  
i n s t e a d  of p u r e  oxygen; however a i r  i n  t h e  c a b i n  r e s u l t s  i n  an  
i n c r e a s e  i n  p h y s i o l o g i c a l  r i s k  t h a t  e x t e n d s  beyond t h e  p e r i o d  
of maximum f i r e  I - i s l c  i f  t h e  cab in  a tmosphere  i s  t h e  backup a t -  
mosphere.  A i r  i n  t h e  c a b i n  a l s o  i n c r e a s e s  t h e  r i s k  o f  s u i t  l o o p  
c o n t a m i n a t j  :‘ri w i t h  n i t r o g e n .  

6 . 0  OFTIONS AVAILABLE 

The o p t i o n s  t o  be c o n s i d e r e d  i n  managing a tmosphere  
dependent  r i s k s  a r e :  

1. Review t h e  b a s i c  program requ i r emen t  f o r  backup 
c a p a b i l i t i e s  w i t h  a view toward a c c e p t a n c e  o f  t h e  
e x i s t i n g  r i s k s ;  

2 .  Make p r o v i s i o n s  f o r  use  of oxygen i n  t h e  c a b i n  d u r i n g  
p r e l a u n c h  i n c l u d i n g  a n  a c c e s s i b l e  and v i a b l e  backup 
a tmosphere  d u r i n g  l aunch .  

3 .  Make p r o v i s i o n s  f o r  use of a i r -on- the-pad  i n c l u d i n g :  

( a )  an  a c c e s s i b l e  and v i a b l e  backup a tmosphere  d u r i n g  
l a u n c h ,  

( b )  c a b i n  a tmosphere  exchange ,  and 

( e )  o t h e r  c u r r e n t  a i r -on- the-pad  program changes .  

A change i n  t h e  program r e q u i r e m e n t s  f o r  backup capa- 
b i l i t i e s  i s  c o n s i d e r e d  unaccep tab le  f o r  r e a s o n s  of  crew s a f e t y .  

An a c c e s s i b l e  and v i a b l e  backup atmosphere i s  t h e  c r i -  
t i c a l  d e t e r m i n a n t  s i n c e  i t  i s  b a s i c  t o  t h e  use  of  oxygen o r  a i r .  
Two a l t e r n a t i v e s  a re  a v a i l a b l e :  make t h e  c a b i n  p h y s i c a l l y  a c c e s -  
s i b l e  and v i a b l e  t o  t h e  crew o r  p r o v i d e  an a l t e r n a t e  backup 
a tmosphe re  independen t  of  t h e  cab in  atmosphere* and t h e r e f o r e  
i n d e p e n d e n t  of an  a i r -on- the-pad  d e c i s i o n .  P r e f e r a b l y ,  t h e  back- 
up a tmosphe re  s h o u l d  a l s o  be independent  of  t h e  s u i t  l o o p  
a tmosphe re  i n  o r d e r  to p r o v i d e  t h e  g r e a t e s t  p o s s i b l e  backup ea- 
p a b i l i t y .  A s  i t  was n o t e d  e a r l i e r ,  t h e  c a b i n  and s u i t  l o o p  

*An a l t e r n a t e  backup atmosphere may be independen t  of b o t h  
p r e s s u r e  and compos i t ion  of  c a b i n  a tmosphere  or i ndependen t  o f  
c o m p o s i t i o n  o n l y .  
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a tmosphe res  a r e  n o t  comple te ly  independen t  a n d ,  as a r e s u l t ,  
f a i l u r e s  a f f e c t i n g  common p a r t s  o f  b o t h  t h e  s u i t  l oop  and c a b i n  
a tmosphere  s y s t e m s  c o u l d  b e  more c r i t i c a l . *  

A c c e s s i b i l i t y  o f  t h e  c a b i n  a tmosphere  i s  dependent  on 
t h r e e  c o n s t r a i n t s :  (1) f e a s i b i l i t y  o f  s p a c e  s u i t  m o d i f i c a t i o n ,  
( 2 )  a c c e p t a b i l i t y  or' t h e  c a b i n  a c o u s t i c a l  env i ronmen t ,  and ( 3 )  
t h e  f e a s i b i l i t y  o f  e n r i c h i n g  t h e  c a b i n  to t h e  r e q u i r e d  compos i t ion  
i f  a i r  i s  u s e d .  The d e f i n i t i o n  of t h e  f u n c t i o n a l  c a p a b i l i t i e s  r e -  
q u i r e d  f o r  c a b i n  a c c e s s i b i l i t y  and t h e  f e a s i b i l i t y  of chang ing  t h e  
d e s i g n  o f  t h e  Apol lo  s p a c e  s u i t  were n o t  a p a r t  of t h e  s t u d i e s  
s u p p o r t i n g  t h i s  r e v i e w .  However, t h e  s c h e d u l e  impact  a l o n e  would 
be s i g n i f i c a n t  c o n s i d e r i n g  t h e  c u r r e n t  s u i t  procurement  s c h e d u l e s .  

The c a b i n  a c o u s t i c a l  envi ronment  i s  s i g n i f i c a n t l y  worse  
t h a n  t h e  i n t e r n a l  s u i t  environment  due to t h e  i s o l a t i o n  a f f o r d e d  
b y  t h e  h e l m e t .  A s  a r e s u l t ,  t h e  c a b i n  a c o u s t i c a l  environment  may 
n o t  be  a c c e p t a b l e  i n  a cont ingency  s i t u a t i o n  s i n c e  crew-to-crew 
communications and crew-to-ground communications cou ld  be  e s s e n t i a l  
to s u c c e s s f u l  p o s t  cont ingency  crew o p e r a t i o n s  and crew s t a t u s  
a s ses smen t  b y  t h e  ground.  

The f e a s i b i l i t y  of e n r i c h i n g  an  a i r  c a b i n  a tmosphere  can  
be  e v a l u a t e d  u s i n g  Reference 4 which d e s c r i b e s  t h e  b a s i c  d e s i g n  
p a r a m e t e r s  of an  enr ichment  s y s t e m .  B r i e f l y ,  f o r  a 95% oxygen 
c a b i n  a tmosphere  i t  shows: 

( a )  C u r r e n t  gaseous  oxygen s t o r a g e  c a p a b i l i t y  i s  
i n a d e q u a t e  f o r  e n r i c h m e n t ;  

( b )  The minimum r e q u i r e m e n t  f o r  oxygen i s  abou t  e i g h t  
pounds f o r  enr ichment  w i t h  comple te  c a b i n  d e p r e s -  
s u r i z a t i o n ;  

( c )  Enrichment  by p u r g i n g  ( i . e . ,  w i t h o u t  d e p r e s s u r i z a -  
t i o n )  a t  T > 1 2 0  seconds  r e q u i r e s  2 7  pounds and 
abou t  t h r e e  m i n u t e s  a t  0 .15  l b s / s e c ; * *  

( d )  Enrichment  b y  p u r g i n g  s t a r t i n g  a t  T-0 r e q u i r e s  35 
pounds and about  f o u r  m i n u t e s  a t  0 . 1 5  l b s / s e c .  

*For example,  f a i l u r e s  r e s u l t i n g  i n  a t o x i c  a tmosphere  ( e . g . ,  
a tmosphe re  c o n t a m i n a t i o n  due t o  s t r u c t u r a l  f a i l u r e  o f  a l i t h i u m  
h y d r o x i d e  c a n n i s t e r )  would p r o b a b l y  con tamina te  b o t h  t h e  s u i t  l o o p  
and c a b i n  a t m o s p h e r e s .  

l i m i t e d  by one emergency p r e s s u r e  r e g u l a t o r  t o  about  0 . 7  lb /min  o r  
0 . 0 1  l b / s e c  and i s  a v a i l a b l e  on ly  from t h e  gaseous  oxygen t a n k s .  
Oxygen from t h e  c r y o g e n i c  oxygen t a n k s  i s  l i m i t e d  by f low r e s t r i c -  
t o r s  t o  a b o u t  0 . 0 0 2  l b / s e c .  

**The c u r r e n t  emergency r e p r e s s u r i z a t i o n  r a t e  i n  t h e  CM i s  
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Thus, enr ichment  to 9 5 %  oxygen be fo re  T+120 seconds  r e q u i r e s  
e i t h e r  p a r t i a l  enrichI-iTent on t h e  pad o r  ve ry  h i g h  f low r a t e s  
a f t e r  l aunch  t o  r educe  t h e  t ime  and t o t a l  oxygen r e q u i r e d .  I n  
a d d i t i o n ,  a xiniKum of  abou t  30 pounds of  s p a c e c r a f t  oxjizen i s  
r e q u i r e d  f o r  purge modes. F i n a l l y ,  enr ichment  b e f o r e  Tt120 
seconds  i s  n o t  c o n s i s t e n t  w i t h  r e d u c t i o n  o f  t h e  f i r e  r i s k  b e f o r e  
T t 1 2 0  s e c o 2 d s .  T h e r e f o r e ,  t h e  f e a s i b i l i t y  of  space  s u i t  modi f i -  
c a t i o n  an?  c a b i n  en r i chmen t  and t h e  a c c e p t a b i l i t y  of  t h e  c a b i n  
a c c o u s t i L a 1  environment  m i t i g a t e  a g a i n s t  t h e  p r o v i s i o n  o f  a v i a b l e  
and. P c c e s s i b l e  c a b i n  a tmosphere  as a l aunch  phase  backup a tmosphe re .  

The r ema in ing  a l t e r n a t i v e  of p r o v i d i n g  t h e  crew w i t h  
an a l t e r n a t e - - a n d  p r e f e r a b l y  inuependent--backup a tmosphere  
d u r i n g  t h e  l aunch  phase  i s  d i s c u s s e d  i n  Refe rence  5.* It was 
concluded  t h a t  one o f  t h e  c o n t i n g e n c i e s  an A l t e r n a t e  Oxyqen 
System (AOS) c o u l d  s u p p o r t  i s  :ON p a r t i a l  p r e s s u r e  o f  oxygen 
( a i r )  i n  t h e  c a b i n  d u r i n g  t h e  launch phase .**  The d e s i g n  con- 
s t r a i n t s  f o r  t h i s  c a p a b i l i t y  were d e f i n e d ;  b r i e f l y ,  t h e s e  a r e :  
(1) r a p i d  o p e r a t i o n ,  ( 2 )  o p e r a b l e  under  g - loads ,  ( 3 )  u s a b l e  
w i t i 3  s u i t s  on ,  and ( 4 )  c a p a b l e  of s h o r t  t e r m  gaseous  oxygen 
s u p p l y .  The p r i n c i p a l  d e s i g n  change r e q u i r e d  i n  t h e  c u r r e n t l y  
p1anned"oxygen mask" i s  a d i r e c t  c o n n e c t i o n  from t h e  gaseous  
oxygen s u p p l y  to t h e  e x i s t i n g  unused P o r t a b l e  L i f e  Suppor t  Sys- 
tem u m b i l i c a l  c o n n e c t i o n  on t h e  s p a c e  s u i t ;  a d i r e c t  l i n e  to t h e  
he lmet  cou ld  a l s o  b e  u s e d .  

I f  an a i r  c a b i n  atmosphere i s  n o t  made v i a b l e  d u r i n g  
t h e  l a u n c h  phase ,  t h e n  a t  some l a t e r  t ime  i n  t h e  m i s s i o n  t h e  
c a b i n  must be c o n v e r t e d  to a n  oxygen a tmosphere .  Re fe rence  6 
r e v i e w s  t h e  e x i s t i n g  hardware  c a p a b i l i t y  of  t h e  s p a c e c r a f t  to 
cnarip-e an  a i r  c a b i n  a tmosphere  t o  oxygen. While t h e r e  a r e  a 
number of  v a r i a b l e s  which a f f e c t  t h e  p r o c e s s ,  Reference  6 con- 
c l u d e s  t ha t  an 85% oxygen atmosghere can be r e a l i z e d  b e f o r e  t h e  
e a r l i e s t  second A t l a n t i c  i n j e c t i o n  o p p o r t u n i t y  ( T t 9 5  m i n u t e s ) .  
T h i s  r e q u i r e s  p a r t i a l  c a b i n  d e p r e s s u r i z a t i o n  (to about  2 p s i a )  
and t h e  u s e  of abou t  h a l f  of  t n e  gaseous  oxygen s u p p l i e s  i n  t he  
Conmand 1'3odule supplemented  b y  oxygen from t h e  c r y o g e n i c  s u p p l i e s  
i n  t h e  S e r v i c e  PIodule. 

To summarize,  r e g a r d l e s s  of  i t s  compos i t ion ,  a c c e s s i b i l -  
i t y  of  t h e  c a b i n  a tmosphere  for u s e  as a backup a tmosphere  i s  i n -  
h i b i t e d  d u r i n g  t h e  s-IC p o r t i o n  of t h e  l aunch  phase  b y  t h e  nominal  
l a u n c h  env i ronmen t ,  t h e  a b o r t  env i ronmen t ,  and c u r r e n t  space  s u i t  
d e s i g n ;  f u r t h e r ,  a c c e s s i b i l i t y  may be  m a r g i n a l  t h roughou t  the 

* P o s s i b l e  r e q u i r e m e n t s  f o r  an A l t e r n a t e  Oxygen System were 
i d e n t i f i e d  f o r  t h e  l a u n c h  phase and f o r  o t h e r  phases  o f  t h e  m i s s i o n .  

**It was a l s o  n o t e d  t h a t  a n  A O S  cou ld  cope w i t h  t o x i c  f a i l u r e s  
r e s u l t i n g  i n  c o n t a m i n a t i o n  of b o t h  t h e  c a b i n  and s u i t  l oop  a t n o s -  
p h e r e s  - 
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r ema inde r  o f  t h e  l aunch  phase .  Given a c c e s s i b i l i t y ,  a i r  i n  
t h e  c a b i n  i s  n o t  a c c e p t a b l e  for T > 1 2 0  seconds  w i t h o u t  e n r i c h -  
ment to p u r e  oxygen. Enrichment is n o t  c o n s i d e r e d  a p p r o p r i a t e  
s i n c e  i t  r e q u i r e s  add ing  oxygen i n  t h e  c a b i n  when f i r e  r i s k  i s  
a t  or n e a r  i t s  maximum. F u r t h e r ,  u s e  of t h e  c a b i n  e n t a i l s  a de- 
graded--and p o s s i b l y  u n a c c e p t a b l e - - a c o u s t i c a l  env i ronmen t .  A 
v i a b l e  and a c c e s s i b l e  backup a tmosphere  can  be  p r o v i d e d  c o n s i s -  
t e n t  w i t h  t h e  r equ i r emen t  for an a i r -on- the-pad  c a p a b i l i t y  b y  
s u p p l y i n g  an a l t e r n a t e  backup atmosphere d i r e c t l y  to t h e  s u i t e d  
c rew.  I n  a d d i t i o n ,  such  an a l t e r n a t e  a tmosphere  would s u p p o r t  
a comple te  d e p r e s s u r i z a t i o n  of t h e  c a b i n  f o r  c a b i n  a tmosphere  ex- 
change .  

7 . 0  SUMMARY AND RECOMMENDATIONS 

I f  t h e  c u r r e n t  Apollo Program crew s a f e t y  r e q u i r e m e n t s  
f o r  p r i m a r y  and backup c a p a b i l i t i e s  are  v a l i d ,  a r ev iew of t h e  
i m p l i c a t i o n s  of  u s i n g  oxygen or a i r  as a c a b i n  p r e s s u r a n t  i n  
Apol lo  l a u n c h  o p e r a t i o n s  has shown: 

1. 

2. 

3 .  

4. 

5. 

Cabin Atmosphere A c c e s s i b i l i t y  - The bubb le  helmet  o f  
t h e  Apol lo  s p a c e  s u i t  and t h e  l aunch  env i ronmen t s  may 
p r e c l u d e  a c c e s s i b i l i t y  to t h e  c a b i n  a tmosphere  f o r  
u s e  as a backup atmosphere d u r i n g  S-IC burn--and pos-  
s i b l y  for a l l  of t h e  l aunch  p h a s e - - r e g a r d l e s s  of t h e  
u s e  of a i r -on- the-pad .  

A l t e r n a t e  Backup Atmosphere - An a l t e r n a t e  oxygen 
supp ly  connec ted  d i r e c t l y  to t h e  s u i t e d  crew i s  r e -  
q u i r e d  to a s s u r e  a c c e s s i b i l i t y  to a backup a tmosphere  
r e g a r d l e s s  of t h e  u s e  of  a i r -on- the-pad .  It may a l s o  
b e  u s e f u l  i n  t h e  exchange of  an a i r  c a b i n  a tmosphere  
to an oxygen a tmosphere .  (See  7 be low. )  

Pure Oxygen Backup - The magnitude and d u r a t i o n  of 
a c c e l e r a t i o n  l o a d s  i n  t h e  l aunch  p h a s e ,  b o t h  nominal  
and a b o r t ,  suppor t  a r equ i r emen t  f o r  a p u r e  oxygen 
backup atmosphere no l a t e r  t h a n  two minu tes  a f t e r  
l i f t - o f f .  

A c c e l e r a t i o n  Environment P h y s i o l o g i c a l  Data - Data i s  
needed r e l a t i n g  r e q u i r e d  crew per formance  c a p a b i l i t i e s  
and Apol lo  a c c e l e r a t i o n  envi ronments  - -both  nominal  and 
a b o r t  - - t o  a tmosphe r i c  r e q u i r e m e n t s  f o r  t h e  l aunch  phase .  

Maximum F i r e  R i s k  - While t h e  r e s u l t s  of  t h e  mater ia l  
s e l e c t i o n  program are  needed to assess a c t u a l  f i r e  r i s k ,  
a h i g h  f i r e  r i s k  w i t h  oxygen or a i r  o c c u r s  a f t e r  l a u n c h  
and sometime d u r i n g  t h e  S-IC p a r t  o f  t h e  l a u n c h  p h a s e .  
The u s e  of a i r -on- the-pad  to r educe  t h i s  f i r e  r i s k  
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would c a u s e  a n  u n a c c e p t a b l e  i n c r e a s e  i n  crew r i s k  
a t  a b o u t  T + 1 2 0  seconds i f  t h e  c a b i n  a tmosphe re  i s  
t h e  backup a tmosphe re .  An a l t e r n a t e  oxygen s u p p l y  
( i t e n  2 above )  would e l i i i l i na t e  t h i s  c o n s i d e r a t i o n .  

6 .  P r e l a u n c h  Cabin Enrichment  - P r e l a u n c h  en r i chmen t  of 
a n  ?.;r c a b i n  atmosphere f o r  ( a )  u s e  as a backup 

for s p a c e c r a f t  oxygen f o r  c a b i n  a t n o s p h e r e  exchange  
i s  i n c o n s i s t e n t  w i t h  t h e  p r o v i s i o n  o f  a n  a i r - o n - t h e -  
pad c a p a b i l i t y  f o r  t h e  nanagement o f  f i r e  r i s k .  

a , . - , -  l a u n c h  or ( b )  f o r  r e d u c t i o n  i n  t h e  r e q u i r e m e n t  

7 .  A d d i t i o n a l  Gaseous Oxygen - Air-on-the-pad r e q u i r e s  
a n  i n - f l i g h t  change o f  t n e  c a b i n  a tmosphe re  to a n  oxy- 
gen  a tmosphe re .  If t h i s  exchange  must be  accompl i shed  
i n  l e s s  t h a n  abou t  a n  h o u r ,  a d d i t i o n a l  gaseous  oxygen 
s u p p l i e s  may b e  r e q u i r e d .  E i g h t  pounds o f  oxygen a r e  
r e q u i r e d  f o r  c a b i n  exchange w i t h  comple t e  d e p r e s s u r i z a -  
t i o n  and  a t  l e a s t  2 7  pounds w i t h o u t  d e p r e s s u r i z a t i o n  to 
r e a l i z e  a 95% oxygen a tmosphe re .  If c r y o g e n i c  oxygen 
s u p p l i e s  a re  used  w i t h  a p a r t  o f  e x i s t i n g  gaseous  
s u p p l i e s ,  a n  85% axygen a tmosphe re  can  b e  r e a l i z e d  b e f o r e  
t h e  e a r l i e s t  s econd  o r b i t  i n j e c t i o n  o p p o r t u n i t y  w i t h  o n l y  
p a r t i a l  c a b i n  d e p r e s s u r i z a t i o n .  An a l t e r n a t e  oxygen 
s u p p l y  ( i t e m  2 above)  c o u l d  s e r v e  as  t h e  backup atmos- 
p h e r e  d u r i n g  p a r t i a l  o r  comple t e  c a b i n  d e p r e s s u r i z a t i o n  
e i t h e r  i n  o r b i t  or d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  l a u n c h  
p h a s e .  

To p r o v i d e  b o t h  oxygen and  a i r  c a b i n  p r e s s u r a n t  capa-  
b i l i t i e s  and to a s s u r e  a n  a c c e s s i b l e  backup a tmosphe re  i n  t h e  
l a u n c h  p h a s e ,  i t  i s  recommended t h a t :  

1. An a l t e r n a t e  oxygen s u p p l y  b e  implemented to p r o v i d e  
p u r e  oxygen d i r e c t l y  to s u i t e d  crewmen i n d e p e n d e n t  o f  
t h e  s u i t  l o o p  d u r i n g  l a u n c h .  

2 .  A d d i t i o n a l  g a s e o u s  oxygen s u p p l i e s  s h o u l d  b e  added to 
t h e  CSiJI i f  a r a p i d  c o n v e r s i o n  t o  a h i g h  p u r i t y  ( > 9 5 % )  
oxygen c a b i n  atmosphere w i t h o u t  d e p r e s s u r i z i n g  t h e  
c a b i n  i s  r e q u i r e d .  

3 .  Data be  p r o c u r e d  to b e t t e r  d e f i n e  t h e  p h y s i o l o g i c a l  
e f f e c t s  of Apol lo  g- load  env i ronmen t s  -- b o t h  nominal  
and  a b o r t  -- on a tmosphere  r e q u i r e n e n t s  i n  t h e  l a u n c h  
p h a s e .  C o n s i d e r a t i o n  s h o u l d  a l s o  be  g i v e n  to t h e  
s i m i l a r  env i ronmen t s  o c c u r i n g  d u r i n g  r e e n t r y  a t  t h e  
end  of  t h e  Apol lo  m i s s i o n .  
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4. The mater ia l s  s e l e c t i o n  program be examined to p r o v i d e  
a s s u r a n c e  t h a t  s u f f i c i e n t  data  w i l l  b e  p r o v i d e d  on t h e  
f i r e  haza rds  between 5 0  and 155 seconds  a f t e r  l a u n c h  
when maximum launch  env i ronmen t s  e x i s t  and when c a b i n  
a tmosphere  p r e s s u r e s  a r e  f a l l i n g  to f l i g h t  l e v e l s  
r e s u l t i n g  i n  c a b i n  a tmosphere  t u r b u l e n c e .  

F i n a l l y ,  i t  i s  no ted  t h a t  t h e  r e q u i r e m e n t  f o r  a v i a b l e  
c a b i n  backup a tmosphere  i s  reduced and pe rhaps  e l i m i n a t e d  by t h e  
imp lemen ta t ion  o f  a n  A l t e r n a t e  Oxygen Supply a v a i l a b l e  to t h e  crew 
a t  a l l  t imes f o r  u s e  as a backup a tmosphere  d u r i n g  p r e l a u n c h  and 
l a u n c h .  T h i s  p e r m i t s  added f l e x i b i l i t y  i n  t h e  r e d u c t i o n  o f  f i r e  
r i s k .  Fo r  example,  an i n e r t  g a s  i n  t h e  c a b i n  would r e s u l t  i n  v i r -  
t u a l l y  a nonflammable s p a c e c r a f t  and r educed  r e q u i r e m e n t s  f o r  q u i c k  

2031-PFS-jcd P .  F .  Sennewald 

At tachments  
R e f e r e n c e s  
F i g u r e s  1-3 
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